ABSTRACT This paper continues the series presenting cataclysmic variables identified during the fourth year (2003) of the Sloan Digital Sky Survey. We describe 44 close binary systems, of which 12 are the previously known systems EN Cet, EG Cnc, V844 Her, GG Leo, Leo 7, CY UMa, DV UMa, EK UMa, EV UMa, UMa 8, EUVE J0854+390, and RX J0859.1+0537 and 32 are new cataclysmic variables. As in the previous papers, the positions, colors, and spectra of all 44 systems are shown, along with follow-up spectroscopic, photometric, and/or polarimetric observations of 15 of the new systems. The new objects include one eclipsing system, eight with prominent He ii emission (of which two are confirmed new polars), and 12 systems showing features of the underlying stars. Our spectropolarimetry also confirms EUVE J0854+390 as a polar.
INTRODUCTION
The Sloan Digital Sky Survey (SDSS) data releases have now included the Early Data Release (EDR; Stoughton et al. 2002) and Data Releases 1, 2, and 3 (DR1, DR2, DR3; Abazajian et al. 2003 Abazajian et al. , 2004 Abazajian et al. , 2005 ). In parallel with these releases, we are publishing the cataclysmic variables (CVs) for which SDSS spectra have been obtained. (A comprehensive review of CVs and all their different subtypes can be found in Warner 1995.) Our presentations are by yearly increments, so the results cover slightly more plates than the releases. Our previous three papers have identified 19 new CVs from spectra through 2000 December 31 (Szkody et al. 2002, hereafter Paper I) , 35 in 2001 (Szkody et al. 2003b , hereafter Paper II), and 34 in 2002 (Szkody et al. 2004, hereafter Paper III) . This paper continues the series with 27 new CVs found in spectra obtained in 2003, as well as five systems that were observed in previous years but missed in past manual searches. In addition, 12 CVs had spectra taken in 2003 that were previously known.
In order to determine the nature of the CVs that are being found in the SDSS, which samples to fainter magnitudes and/or larger areas than previous sky surveys, follow-up photometry and spectroscopy are needed to determine the fundamental parameters of orbital periods, inclination, and magnetic fields. We have begun this work on 15 systems and present the results so that more detailed studies can be performed on these and the rest of the sample. Once enough information is available, comparisons can be made with population models (e.g., Howell et al. 2001 ) to determine correct evolutionary scenarios for close binaries. Gänsicke (2005) provides a preliminary comparison of SDSS statistics with other surveys. Our follow-up is primarily designed to aid in identifying the type of CV and to determine if the period is likely to be long or short, i.e., below or above the 2-3 hr period gap. The intent is to provide a starting point for more detailed follow-up studies of individual systems that may be of interest to the community.
OBSERVATIONS AND REDUCTIONS
The details of the SDSS imaging and spectroscopic instrumentation and reductions can be found in Paper I and in the papers by Fukugita et al. (1996) , Gunn et al. (1998) , Lupton et al. (1999 Lupton et al. ( , 2001 , York et al. (2000) , Hogg et al. (2001) , Smith et al. (2002) , Pier et al. (2003) , and Ivezic et al. (2004) . As a brief summary, SDSS photometry in five filters (u, g, r, i, and z) is used by a pipeline that selects objects by color for later spectroscopy in the range of 3900-6200 8 (blue beam) and 5800-9200 8 (red beam) at a resolving power of $1800. All spectra are calibrated for wavelength and flux and then classified as stars, galaxies, and quasars. CVs obtain spectra through several color selection algorithms, since their colors overlap with those of hot stars, quasars, white dwarfs, and M stars, depending on how much the accretion disk or accretion column contributes to the optical light over that of the underlying white dwarf and latetype secondary star (see Papers I and II for further explanation). Since Paper II, we have used a computer program that selects objects with Balmer and helium emission/absorption to be hand identified as white dwarfs or CVs. During the past year, we have used this program to examine all the past plates and were able to recover five new CVs that were missed in the past manual searches because of either missed plates or missed identifications. We include these here along with the 39 objects identified from 2003 plates.
The 32 new CVs and the 12 previously known objects are listed in Table 1 with the plate, fiber, and modified Julian date (MJD) of each spectrum. The five objects recovered from previous years have MJD < 52;600. The magnitudes and colors are from the point-spread function photometry with no correction for interstellar reddening. For simplicity, we refer to these objects throughout the rest of this paper as SDSSJ hhmm (where hhmm is the right ascension in hours and minutes) except for the four systems that have the same first four digits of right ascension as others, so we add the first two digits of declination to distinguish them.
Follow-up observations on several systems were performed to refine their characteristics (estimate their orbital period, whether they were at a high enough inclination to be eclipsing, and whether they show polarization). Differential photometry was accomplished with the US Naval Observatory Flagstaff Station (NOFS) 1 m telescope, using a 1024 ; 1024 SITe/Tektronix CCD with no filter in order to maximize the signal-to-noise ratio (S/N). Previous nights of calibrated all-sky photometry with Landolt standards were used to calibrate the comparison stars and place the photometry onto the Johnson V-magnitude system.
Time-resolved spectra were obtained at the APO 3.5 m telescope with the Double Imaging Spectrograph in highresolution mode (resolution about 3 8) and a 1B5 slit. The reductions were the same as those used in the previous papers, with the line velocities measured with either the ''e'' (which determines the centroid of the line) or ''k'' (which fits a Gaussian to the line) in the IRAF 10 SPLOT package (for simple or narrow-line structure) or with a double-Gaussian method (Shafter 1983) for lines with central absorption or narrow emission components within the broad emission. A least-squares procedure was used to fit a sinusoid to the velocities in order to determine (systemic velocity), K (semiamplitude), P (orbital period), and 0 (phase of crossing from redshift to blueshift). Circular polarization was measured for six systems, using the CCD Spectropolarimeter SPOL with a low-resolution grating on the 6.5 m MMT on Mount Hopkins or the 2.3 m Bok Telescope on Kitt Peak. The dates and types of follow-up observations are summarized in Table 2 .
RESULTS
The SDSS spectra for all 44 systems are shown in Figure 1 , and Table 3 gives the equivalent widths and fluxes of the prominent hydrogen Balmer and helium emission lines. From the spectral appearance and the available follow-up data, we were able to categorize the CVs as described below.
Previously Known Systems
Twelve of the CVs with spectra obtained during 2003 are previously known. These include EN Cet, EG Cnc, V844 Her, GG Leo, Leo 7 (PG 0935+075), CY UMa, DV UMa, EK UMa, EV UMa, UMa 8 (NSV 4838), EUVE J0854+390, and RX J0859.1+ 0537 (see Table 1 for the SDSS designations). Information on these 12 sources is available from the online CV catalog of Downes et al. (2001) .
11 Four (GG Leo, EK UMa, EV UMa, and RX J0859.1+0537) of the 12 known objects are polars, i.e., systems containing a white dwarf with a magnetic field over 10 MG (Wickramasinghe & Ferrario 2000) . All four appear to have been in relatively high states of accretion at the times of the SDSS spectra, as evidenced by the strength of their He ii emission.
The SDSS spectrum of EUVE J0854+390 shows some He ii, is an X-ray source (see x 3.6), and has a spectrum brighter than implied by the photometry (Table 1) . Christian et al. (2001) showed three spectra of this source that also reveal large variability. Their spectra all have about a factor of 10 larger flux than the SDSS spectrum and have much stronger He ii, implying a higher state of accretion at that time. The velocities in their three spectra also showed large shifts (400 km s À1 ). They suggested that EUVE J0854+390 is probably a polar with an orbital period of <2 hr. Our spectropolarimetry, obtained in an accretion state similar to that of the SDSS, confirms the magnetic nature of this object. Three observations spanning approximately one-quarter of a $2 hr orbital period display circular polarization reaching À30% and reveal cyclotron harmonic features in the total flux. Figure 2 shows the first and third observations from the sequence. The harmonics appear in the third observation, presumably because the accretion funnel has become roughly perpendicular to our view (see Wickramasinghe & Ferrario 2000 for a discussion of cyclotron beaming). Using the observed peaks to derive the magnetic field strength and temperature yields a corresponding fit for the harmonics shown in the lower right of Figure 2 for B ¼ 44 MG and T sin 2 ¼16 keV. The spectra of EG Cnc, V844 Her, Leo 7, CY UMa, and DV UMa are similar to past published spectra of these objects. V844 Her and CY UMa show the strong blue continuum and emission lines characteristic of high accretion rate systems. EG Cnc shows the prominent absorption from the white dwarf that is typical of its low accretion rate during quiescence. Leo 7 shows the TiO bands from the secondary identified as an M3 V star by Thorstensen & Taylor (2001) but no sign of the underlying white dwarf, indicating moderate rates of accretion similar to U Gem (which has a comparable orbital period). DV UMa also shows the M4.5 V secondary identified by Mukai et al. (1990) , as well as the deep central absorption in the emission lines that is typical for a high-inclination eclipsing system. Less information is known about EN Cet and UMa 8. The SDSS photometry and spectra improve on the limits given in the Downes catalog, but no periods are determined at this time.
High-Inclination Systems
On the basis of the very prominent central absorption in the Balmer emission lines (giving a double-peaked appearance) together with increasing absorption up the Balmer series, we identified five systems from Figure 1 as good candidates for having a high inclination. These include SDSS J0903, 0946, 1031, 1457, and 1507. SDSS J0946 is the known eclipsing dwarf nova DV UMa described above. Our results on SDSS J0903 and 1507 are detailed below.
SDSS J0903.-The six APO spectra over 2.5 hr have relatively long exposures of 15-20 minutes, which hinders the identification of short periods. The best solution was obtained for H using the double-Gaussian method (Table 4) , which indicates an orbital period near 1.3 hr, but better time resolution and a longer data string are needed to determine this period accurately.
SDSS J1507.-Follow-up photometric observations identify an ultrashort orbital period of 67 minutes from observation of four consecutive eclipses (Fig. 3) . The APO spectra cover this period twice, but the integration times are long (20-25 minutes) so that the velocity curve is not well resolved, resulting in a low K amplitude for a high-inclination system (Table 4 ). The light curve shows a prominent hot spot preceding deep (>1.3 mag) eclipses. A larger telescope will be needed to resolve the eclipse structure and look for the secondary star during eclipse.
Nova-like Systems with Strong He ii
The presence of strong He ii emission lines usually indicates either a magnetic white dwarf or a nova-like system with a high level of mass transfer (an SW Sex star or an old nova). The presence of polarization confirms that a CV contains a magnetic white dwarf, but time-resolved photometry and spectroscopy can also provide strong clues. If an object has a large circular polarization and only shows a modulation of the lines and continuum at the orbital period, it is classified as an AM Her system, or polar (see review of polars in Wickramasinghe & Ferrario 2000) , and its spin is synchronized to its orbit. If it has little or no polarization and is observed to have a periodicity at a spin timescale of the white dwarf (minutes), it is considered to be an intermediate polar (IP), while if it has an orbital period between 3 and 4 hr and single-peaked emission lines with central absorption appearing in the Balmer and He i lines, it is likely an SW Sex star (see Warner 1995 for a review of all types).
The systems SDSS J0018, 0813, 0837, 0854, 0859, 0924, 1015, 1051, 1307, 1429, 1541, 1604 , and 1629 all show He ii. SDSS 0859, 1015, 1051, and 1307 are the previously known polars RX J0859, GG Leo, EK UMa, and EV UMa, and SDSS J0854 is EUVE J0854+390, which we confirmed as a polar, as described in x 3.1. Spectropolarimetry was also accomplished for five of the new objects (SDSS J0018, 0837, 0924, 1541, and 1604) . SDSS J0837 and 1541 are confirmed as polars from the presence of high circular polarization. No polarization was seen to a level of 0.2% in SDSS J0018, 0.4% in SDSS J0924, and to 0.1% in SDSS J1604, so a polar nature is likely ruled out for these systems, unless the unobserved portions of the orbits are polarized. The time-resolved spectra of SDSS J0924 and 1629 show the signature narrow emission-line peaks and asymmetric broad bases that are associated with polars. SDSS J1429 shows some of the traits of an SW Sex star. The characteristics of the objects from available photometric and spectroscopic data are detailed below.
SDSS J0018.- Figure 1 shows that all the emission lines are very strong and narrow in this object. The lack of polarization rules out a polar nature, but the narrow lines do not resemble an SW Sex star either. The 2 hr of APO spectra have good time resolution (10 minutes) and good S/ N, yet all the velocities are constant to within 11 km s À1 . The narrow lines and low velocities are indicative of a low-inclination disk system. SDSS J0813.-The 3 hr of APO spectra indicate an orbital period that is in the gap, near 2.7 hr from the H solution (Table 4 and Fig. 4) . The H, H, and He ii lines were noisier, so the periods were fixed at the value for H to try to determine solutions, but the resulting errors were still large. Further data will be needed to determine an accurate period for this system. It is interesting that this object is very faint on the Palomar Observatory Sky Survey (POSS) II R plate but very bright on the B plate and in the SDSS image and spectra. Since there are several years of difference between the POSS B and R plates, the object was likely in a low accretion state at the time of the R plate.
SDSS J0837.-The SDSS spectrum (Fig. 1 ) of this object shows a broad blue hump and TiO bands from a secondary star. Polarimetry confirms the hump as a cyclotron feature (G. D. Schmidt et al. 2005, in preparation) and delegates this object as a member of the growing group of extremely low accretion rate (Table 4) . systems such as SDSS J1553 and SDSS J1324 (Szkody et al. 2003a) . No period is available.
SDSS J0924.-As in SDSS J0018, the SDSS spectrum ( Fig. 1 ) reveals very narrow emission lines, and there are no polarization nor cyclotron humps evident during the MMT observation. The SDSS and APO spectra show little blue continuum, and the secondary is evident from TiO bands, indicating a very low accretion rate. It is puzzling that there is no evidence of a magnetic white dwarf even though the 11 time-resolved APO spectra reveal line structure that is typical of polars, i.e., narrow peaks and changing asymmetric broad bases throughout the 2 hr of observation and the K amplitude of the radial velocity curve is very large, as is typical for polars (Table 4 and Fig. 5 ). The photometry (Fig. 6) shows half-magnitude variations on a timescale near 65 minutes, roughly half of the orbital period of 2.1 hr evident from the spectra. Phases on a 2.1 hr period (with arbitrary zero) are shown at the top of Figure 6 . The variability is easiest to explain as a combination of obscuration from a mass transfer stream (near time 9.69 in Fig. 6 ) and a self-eclipse of an accreting pole (time 9.72-9.74). However, since the APO spectra only cover 2 hr and the MMT polarimetry only 36 minutes, longer time intervals are needed for accurate period determination and to ensure that polarization is not present at any phase of the orbit. SDSS J1429.-The SDSS spectrum (Fig. 1) shows strong single-peaked lines indicative of an SW Sex star. The seven time-resolved follow-up APO spectra are similar to the SDSS one, except for one spectrum (Fig. 7) with He ii as strong as H and with central absorption in the Balmer lines. This absorption, which is apparent only at some phases, is a typical signature of an SW Sex system. However, the radial velocities of H , H, and He ii all indicate an orbital period near 1.4 hr (Table 4 and Fig. 8 ), whereas the SW Sex stars almost all have periods between 3-4 hr. However, since the 15-20 minutes integrations do not allow good phase resolution and the data only cover 2.5 hr, further work is needed to sort out the nature of this system. SDSS J1541.-The SDSS spectrum of this object in Figure 1 shows a very low flux, with just a hint of the Balmer emission lines, He ii, and a red continuum. However, followup spectropolarimetry found the system in a high-accretion state, with strong Balmer, He i, and He ii emission lines, and circular polarization reaching 11% (Fig. 9 ): all features that are typical of a polar. Overlapping cyclotron harmonics are obvious in the spectral flux distribution and clearly shift to the red during the 17 minutes that separate the two observations. Fitting the peaks to the expected locations of cyclotron harmonics in a hot plasma yields the harmonic assignments indicated in the right panel of Figure 9 , a magnetic field strength (Table 4) . ( Table 4) . in the emission region B ¼ 33 MG, and the temperature factor T sin 2 changing from 4.6 to 7.1 keV during the sequence. This result, the increased visibility of the harmonics, and the increased brightness between the two observations, imply a region that is being viewed with increasing inclination to the magnetic field. The light curve shown in Figure 10 , also obtained during a high state, reveals a 1.3 mag modulation with a period of 1.4 hr, indicative of a geometry in which a single accretion pole is viewed for more than half the orbit and then selfeclipsed by the white dwarf for the rest. With such a short period, SDSS J1541 is clearly a target for more extensive observations. SDSS J1629.-This object has spectra very similar to SDSSJ 0924 in terms of showing narrow emission-line peaks and broad asymmetric wings during the follow-up APO spectra. The overall He ii strength is much larger in SDSSJ 1629 than in SDSS J0924. As in SDSS J0924, the light curve of SDSS J1629 (Fig. 11) shows a large (0.6 mag) modulation, in this case more sharply defined and with a period of 122 minutes. The shape of the modulation is triangular, which would imply that the accretion column is always in view if this is indeed a polar. The APO spectra independently determine a period of 120 minutes from the velocities, but since the photometric period was better determined, the period was fixed at 122 minutes to obtain the best velocity solutions shown in Table 4 and Figure 12 . As in SDSS J0924, the large K amplitudes imply a polar nature for this object. 
Systems Showing the Underlying Stars
If the mass transfer rate is sufficiently low, the disks are tenuous and contribute little light compared to the primary and secondary stars. Thus, in these systems the white dwarf is evident through broad hydrogen absorption lines and the late M dwarf is evident from TiO bands and/or an upturn in the flux longward of 7000 8. Figure 1 shows that there are 14 systems that show the underlying stars: SDSS J0843, 0856, 0919+08, 0922+42, 1339, 1457, 1507, and 1514 show the white dwarf, while SDSS J0837, 0859, 0906, 0911, 0919+50, 0924, and 0938 show features of an M star. SDSS J0859 is the previously known polar from ROSAT, SDSS J0837 is our newly confirmed polar, and SDSS J0924 is our candidate polar (all previously discussed in x 3.3). SDSS J0906 is our likely dwarf nova (x 3.5), SDSS J0938 is Leo 7 (x 3.1), and SDSS J1507 is our new eclipsing system (x 3.2).
The previous follow-up studies conducted by and suggest that many of the systems showing the broad underlying absorption in the Balmer lines may contain pulsating white dwarfs.
SDSS J0919+08.-This system shows the prominent broad absorption lines from a white dwarf surrounding the H and higher order Balmer emission lines. The double-Gaussian method with separations of 1400 km s À1 (H) and 1500 km s À1 (H ) gave consistent radial velocity solutions (Table 4 and Fig. 13 ), revealing a short orbital period of 1.4 hr. The spectrum and period are very similar to GW Lib, the first identified ZZ Ceti star in a CV (van Zyl et al. 2000) .
SDSS J1339.-Similar to SDSS J0919+08, prominent absorption from the white dwarf is apparent in the SDSS and APO spectra. However, in this case, no consistent solution could be obtained from the velocity curves, using either the doubleGaussian method on the line wings or the SPLOT centroids. In both methods, H gave periods near 1.7 hr, while H and H gave solutions near 1.2 hr. A longer data set is needed to determine a good value for the period.
Other Disk Systems
While the SDSS spectrum and photometry of SDSS J0906 both indicate an object with a g-mag of 18.8, the follow-up photometry at USNO caught the system at V ¼ 15:5, likely on the decline from an outburst, so this system is probably a dwarf nova. On the other hand, SDSS J2143 has a comparably large flux during the times of SDSS spectra and photometry, and the spectrum (Fig. 1) looks like a system in a high state of accretion, either near an outburst or like a nova-like system with a bright accretion disk. Since the fluxes are similar at different times of observation, the latter is more likely.
Follow-up observations were also accomplished for the systems SDSS J0801, 0803, and 2333, which appeared to be normal disk accreting systems from the SDSS spectra. While an estimate of the periods could be obtained for the latter two, the 2.5 hr of 20 minutes spectra of SDSS J0801 were too noisy to (Table 4) . Fig. 13 .-Velocity curves of SDSS J0919+08 with the best-fit sinusoids (Table 4) . (Table 4) . Fig. 15 .-Velocity curves of SDSS J2333 with the best-fit sinusoids (Table 4) . yield any consistent radial velocity solution for the H , H, and H lines.
SDSS J0803.-Both the H and H velocities show a sinusoidal curve with a period of 1.7 hr (Table 4 and Fig. 14) . This system appears to be a very typical disk-accreting CV.
SDSS J2333.-The 3.5 hr of APO spectra reveal velocity curves with a period of 1.4 hr from both the H and H emission lines (Table 4 and Fig. 15 ) and typical semiamplitudes near 100 km s
À1
. However, the spectra are noisy, consisting of 10 minute integrations in the attempt to resolve a short period. Surprisingly, the light curve (Fig. 16 ) reveals a periodicity at 21 minutes (determined from the PDM routine within IRAF) that is clearly visible as a modulation in the light curve with a peak-to-peak amplitude near 0.3 mag. The most plausible explanation is that we are seeing the spin period of the white dwarf, but if this is the case, then the ratio of spin to orbital period is much larger than the usual 10%, and the amplitude of the spin modulation is unusually large. A longer spectroscopic study can pin down the errors on the orbital period and search for a spin modulation in the lines to confirm an IP nature.
ROSAT Correlations
Cross-correlating the CVs in Table 1 with the X-ray ROSAT All Sky Survey (RASS; Voges et al. 1999 Voges et al. , 2000 shows nine with X-ray detections (>2.5 ) within the positional errors of the RASS. Table 5 gives the X-ray count rates for these sources. Included in Table 5 are the four previously known polars (RX J0859+05, GG Leo, EK UMa, and EV UMa), the newly confirmed polar EUVE J0854+390, and the newly discovered polar SDSSJ 1541. The previously known bright dwarf novae CY UMa and V844 Her are also known RASS sources. It is not clear why SDSS J1656 has X-ray emission whereas systems of comparable optical brightness (implying similar distance and mass transfer rate) do not.
CONCLUSIONS
The 32 CVs presented in this paper bring the total number of new CVs found in SDSS to 96. While the variety of systems seen covers the range of CV properties, it has become clear that SDSS is picking up a large number of extremely low mass transfer systems, including wind accretors ( Paper I and III), as well as a large proportion of systems in which the underlying stars are viewed. The majority of the periods found in this group are less than 2 hr, yet there is not the pile up at or beyond the period minimum as predicted by the models of Howell et al. (2001) . Thus, it appears that the correct prescriptions for angular momentum loss and selection effects are not yet known.
There are several interesting candidates deserving of further study in this group. SDSS J1507 has been found to show eclipses but the other systems that appear to be high inclination (SDSS J0903, 1031, and 1457) need to searched. Of the systems with prominent He ii, SDSS J0837, 0854 (EUVE J0854+390), and 1541 are confirmed as polars, while two others (SDSS J0924 and 1629) show spectral features that indicate they are good candidates, and SDSS J1429 may be an SW Sex star. There are several systems containing possible pulsating white dwarfs (SDSS J0843, 0856, 0919+08, 0922+42, 1339 (SDSS J0843, 0856, 0919+08, 0922+42, , 1457 (SDSS J0843, 0856, 0919+08, 0922+42, , 1507 (SDSS J0843, 0856, 0919+08, 0922+42, , and 1514 . Lastly, SDSS J2333 shows a 21 minute period in its light curve, while spectra indicate an orbital period near 1.4 hr. While the shorter period may be the spin timescale of the white dwarf, the ratio of spin to orbital timescales appears longer than usual.
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